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SUMMARY 



Tests were made on a model wing -ffitli three different 
sized split trailing- edged flaps, in the N.A.C.A. 7 "by 10 
foot wind tunnel. The flaps were formed of the lower rear 
portion of the wing and were rotated downward ahout axes 
at their front edges. The lift, drag, and center of pres- 
sure were measured with the axis in its original position 
and also with it moved hack in even steps to the trailing 
edge of the main wing, giving in effect an increase in 
area. The split flaps when deflected ahout their original 
axis locations gave slightly higher maximum lift coeffi- 
cients than conventional trailing-edge flaps, and the lift 
coefficients were increased still further hy moving the 
axes toward the rear. The highest value of Oj, max» '^^icl^ 
was obtained with the largest flap hinged at 90 per cent 
of the chord from the leading edge, was 2.52 as compared 
with 1.27 for the "basic wing. 



INTRODUCTION 



Among the devices for increasing the maximum lift co- 
efficient over that obtained with a conventional wing, the 

one most commonly used has prohahly heen the trailing-edge 
flap, which is deflected downward to increase the camber of 
the wing. A few tests have heen made on airfoils with 
flaps in which the rear portion of the airfoil is split in- 
to upper and lower sections. and the lower section deflected 
do\^nward. (References 1 and 2.) In at least two cases the 
flap has "been moved to the rear as well as deflected down- 
ward in angle, giving in effect an increase in area as well 
as in camher. A flap of this nature was incorporated in 
the Alfaro airplane entered in the Guggenheim Safe Aircraft 
Competition. (Reference 3.) The most recent developments 
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along this line are the resnl'ts. of the work of Mr. E. S". 
Zap, who has carried on many wind-tunnel tests on model 
wings and- also flight tests on an airplane, equipped vrith 
the Zap flap. In flight the flap was effective not, only 
in ^±v±-a&, a lower minimuia speed but also, "by virtue of 
its increase in drag, in making po-ssible stee.per glides 
and shorter landings over obstacles. 

(The present tests were made as part of a Series on 
high-lift devices (references 4 and 5) in the N.A.C.A* 7 
by 10 foot wind tunnel. Lif-i., drag, and pitching moment 
were measured for a basic Clark Y airfoil equipped with 
split flaps of three different sizes. Sach flap could be 
rotated downward about an axis at its f^ront edge* The 
tests were mai^de with a range Of angular' .deflect ions at 
each of -several fore-and-aft- locationB- of the axis along 
•the basic wing chord, 

APiPARATUS AND. METHODS / 



The model wing (fig. l), which had a chord of 10 
Inches and a span of 60 inches, Was oons'triVct ed of lam- ■ 
inated mahogany and steel plate. The ordin.ates for the 
basic Clark Y airfoil ar6 given l.n.Ta^le I. •-- Tii.® hinged 
flap was made of l/8-inch steel plate beveled at the trail- 
ing edge; when' closed it was flush with the Ibwer surface 
of the airfoil. When the axis of any flap wag in the 
trailing edge position there was a slight gap between the 
flap and the main portion of the airfoil. This gap was 
closed with Plasticine after preliminary tests had shown 
that it caused a loss of lift. 

ThQ three sizes of flaps tested had chord lengths of 
0,20 c, 0.30 c, and 0.40 c, c' being the. chord of the 
basic wing. The. 0 .20 c 'f Ifep was tested with its axis at 
0.80" c, 0.90 c, and 1.0 c from, the leading edge, the 
0.30 c flap wi;t& its axis at 0.70- c to .1,0 c, and the 
0.40 c flap with its axis at 0.60 C; to 1.0 c, all with 
eve:a 0.10 c intervals'. The fla^s-.,- which were, hinged in 
split bearings, coul"d be locked in any angular position. 
The tests were made with 'the flaps- deflected at 15° inter- 
vals, -or less where necessary, over :a sufficient range to 
determine the liighest valud of Oj; jneLx for each hinge lo- 
cation. 
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The 7 hy 10 foot wind .tunnel is described in detail 
together with the halance an^ standard test prod6dure in 
reference 6. Because of the. high' lift obtained with some 
of the flap settings, the model was supported by a' fine 
wire at each end in addition to the regular center- sup- 
port. The tests were made at 80 miles per hour, which 
corresponds to a Reynolds Number of 609,000, based on the 
10-ihch chord of the basic. wing. So corrections were made 
for tunnel-wall interference. 



EESULTS AND DISCUSSION 



Values of Oj,* Cd« c.p. , all based on the di- 
mensions of the basic wing, are plotted against angle of 
attack Cfigs. 2 and '13) for all of the flap positions 
tested". ■ . ■ 

Maxim um lift with flap axis in original loca tion . - 
The highest lift coefficient obtained by depressing the 
split flaps without flioving the axis to the rear was very 
nearly the same for all three flap sizes, as shown in the 
fblXowing table; 

Flap" size Highest Oj, niax Flap angle ■ 

0.20 c 2.12 60° 

,'30 c 2.16 ' ' . 50° 

.40 c 2.14 40° 



These values are about 10 per cent higher than the max- 
imum lift coefficients obtained, wi'bh a conventional flap 
having a chord- length of 0.30 c. (Eeference 7.) 

Max imum lift w it h flap axis moved back to increase 
the area .- With each size of flap the maximum lift coef- 
ficie-nt increased as the flap axis was moved back to the 
0»90 c position. With the 0.20 c flap it continued to in- 
crease slightly as the axis was moved to the trailing edge, 
but with the larger sized flaps the values were slightly 
lower for the trailing-edge axis location than for the one 
;at. 0.90 c. 

Contour lines showing constant values of Cj, max 
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tained .with' t-he trailing edg-e of the, f la^ within the range 
of the positions tested are shown in I''ig'aTes^l4-j- 15 , and 
16 for the three, different flap sizes. - G?hes.e charts show 
the highest values of Cx, -^^^ three flaps to be 

as follows,: ■ 

Highest 

Flap size Cl max • Axi.'s location Flap angle 
0.20 c 2.27 ' 1.00 c " 68° 

.30 0 2.45 :•■ :.93 c 62° 



.40 c 2.52 .90 c 54° 

The highest value, which represents an increase of 98 per 
cent over* the value of 1,27 for the' plain wing, was ob- 
tained with the 0.40 c flap. It was closely approached, 
however, hy the 0.30 c flap which was only 3 per cent lower. 

Center of p r- easure .~ At the angles of attack within 
the ordinary flight range, rotating the flap downward-moves 
the center of pressure to the rear, and shifting the axis 
back moves the center of pressure still farther to the rear. 
For the 0.40 c flap in the position giving the highest val- 
ue of Ol max* center of pressure is about 17 per cent 
of the chord behind the position for the basic wing at the 
same angle of attack. Although this d^ifference may seem 
excessive, It is not likel^ to cause great diffigulty in 
connection with the balance of an airplane because the 
greater lif t , coefficient with the flap extended results in 
a substantially greater downwash angle, which increases the 
download on the tail. 

Ooinp arlson with t he Fowler va r iable-ar^ wi ng . - The 
Fowler wing , shown' in Figure 17, has an extension airfoil 
which can be moved to the rear and downward. in a manner 
somewhat similar to the split flap's of the present t-ests. 
It represents a refinement of the simple flaps, however, 
for the gap between the trailing edge of .the main wing .and 
the nose of. the ext ens ion . airfoil forms a slot .to help main- 
tain unburbled air flow over, the extension airfoil at the 
high angljes 'of. attack. A mo.del of the -Fowler wing with-a 
0.40 c extexiBion airfoil has "been tested under .the same 
conditions as those of the present testa. (Reference 5.) 
The Fowler model can be compared directly with the 0.40 c 
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Split flap '.vitlh the iiiiige axis at tlie trailing edge of tlie 
main trl-ttgV ^he maximum- lift coefficient .of the FovfLer wing 
was 3.17 as compared with 2.40 for t'ne,,-p\B.Xn split, flap in 
the same position, which shows the effectiveness of the 
slot in improving the air flow over the extension airfoil. 

Effect "on airplane performa nce.- If an average parasol 
monoplane were fitted with th? G.40 c split flap having the 
extended position which gave the highest value of Ol max' 
the landing speed, according to the results of the present 
tests, should he reduced to ahout 70 per cent of the ori- 
ginal value if the gross weight remained unchanged. The 
high speed would he the same as the original if the instal- 
lation of the-flap did. not increase the parasite drag of 
the airplane. • 

The original landing speed could he ohtained with the 
wing area reduced to ahout. 50 per cent pf the original val- 
ue, the gross weight remaining the same'. In this case the 
high speed, would he increased slightly hut the take-off and 
climt would he impaired. 

T-he lower values of l/d with the flap extended would 
malte possihle much steeper glides than with the original 
wing, a great advantage in .making short landings over o'h- 
stacles. 



OOHOLUSIOHS 



1. The maximum lift coefficients ohtained with the 
split flaps with the original axis locations were very* 
nearly the same for the three flap sizes tested and were 
somewhat higher than those given hy conventional trailing- 
edge flap s . ■ , 

2. The maximum lif t . coefficient was increased hy mov- 
ing the hinge axis of the" flap hkck to" 0.90 c for the 0,40 c 
flap, 0,93 c for the 0.30 c flap, and to the trailing edge 
for the 0,20 c flap. 

3. The highest value of Cl piax. which was obtained 
with the 0.40 c flap, was only 3 per cent' higher than the 
highest ohtained with the 0.30 c flap and 11 per cent 
higher than that with the 0.20 c flap.. 
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4. With the 0.40 c flap in .the- , "best. pxTsitioJa- a iriax— 
imum lift coeffici.ent 6f 2.52 ■^a oht.s'iii'ed, .a'a coftpa'ted ■'• 
with 1.27 for the "basic wing. ■ ■ •■■;*.' ' ' ' 
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TABLE I 

AIRFOIL OEDIUATES 
(All values in per cent airfoil chord) 



CLARK Y 



Stat ion 


Ordinate 
Upper 


Ordinate 
Lower 


0 


3.50 


3.50 


.1.25 


5.45 


1.93 


2.50 


6.50 


1.47 


5.00 


7.90 


.93 


7.50 


8.85 


.63 


10.00 


9.60 


.42 


15.00 


10.69 


.15 


20.00 


11.36 


.03 


30.00 


11.70 


0 


40.00 


11.40 


0 


50.00 


10.52 


0 


60.00 


9.15 


0 


70.00 


7.35 


0 


80.00 


5.22 


0 


90.00 


2.80 


0 


95.00 


1.49 


0 


100.00 


.12 


0 



Leading edge radius = 1.50 
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fig. 4 The 20 per oeut o flap hinged, at Fig. 5 Tta6 30 par oent c flap hinged at 

100 per oent o 70 pax cent c 
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Fig«. 6 & 7 
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Tiga. 8 A 9 
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rigs. 10 & 11 
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rigB. 12 & 13 




ot, degxeea «. d«eT«e» 

FlE.13 The 40 per oent o flap hinged at ng.l2 The 40 per cent o flap hingpd at 

100 oer cent o 90 per oent c 




-20 -10 0 10 20 -S 

Position in per cent chord £ 



Pig. 14 Contours of Civ for varions positions of trailing edge of 20 per cent flap 
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2.2 2.3 2.4 2.5 

I i I I i I I I I I i I 

-20 -10 0 . 10 ao 30 

FoBitlon in per cent chord 

Jig. 16 ContouTB of ^^L^^^ various positions of trailing edge of iJo per cent flap. ^ 



